The Council For Tobacco Research- U.S. A.. Inc. 

110 EAST 59th STREET 
NEW YORK, X. Y. 10022 
(212) 421-88 S 5 

Application For Renewal of Rese arch Grant ' ■ 

(:Use extra pages: as. needed): . , 

First! Renewal E Second Renewal □ Date: 7/10/73 

1. Principal I Investigator (give title and degrees); 

Ronald P. Rubin, Ph.D., Associate Professor of Pharmacology 

State University of New York 
Downstate Medical Center 
450 Clarkson Avenue - 

Brooklyn, New York 11205 

3. Department(s) where research will be done or collaboration provided: 

Department of Pharmacology 

4. Short title of study: 

K The Action of Nicotine on the Adrenal Gland 

v. * ■ * 

.5. Proposed renewal!date: 1/1/74 

6. How results to date have changed earlier specific research aims: 

/-a The finding that nicotine can potentiate the steroidogenic effect of ACTH: 
is of significance in light of the fact that adrenal hormones have marked! effects 
on many physiological and pathological processes,and is of central importance 
in the homeostatic mechanisms: which are activated during prolonged stress. Thus, 
one of the primary aims of this project will be to carry out investigations to 
ascertain the extent and the nature of the mechanism! by which nicotine enhances 
the activity of ACTH. 

Since nicotine-induced catecholamine release is associated with increased cyclic 
AMP levels, experiments will also be carried 1 out to ascertain whether the increases 
in cyclic AMP are directly responsible for the enhanced rate of secretion. 

7. How-results to. date, have changed earlier, working hypothesis: 

k original working hypothesis was to- ascertain whether nicotine can affect 

f adrenocortical function. Our preliminary experiments indicate that it does 

potentiate the activity of ACTH, and therefore our efforts are now being devoted 
to investigating, the nature of this action of nicotine. 


Source: https://www.industrydocuments.ucsf.edu/docs/rqvmOOOO 


2. Institution & address: 



1003542128 




2 . 



8. Any additional facilities now required? Describe briefly: 

• No. 



9. Any changes in personnel? Append biographical: sketches of new key professional 1 personnel: 

Dr. S. JaanuSj former co-investigator, is no longer connected with 
the proj ect. 


10. Append outline of: experimental! protocol for ensuing: year. 

VI. List publications or papers in press resulting from this or closeljy related work, (append reprints or manuscripts 
not previously sent). 


Due to the fact that this prefect began on January 1, 1973- there has not 
been sufficient time to publish any of the work which has been carried out 
so far. 


1 2 . Summary progre§o^ Prc ^(a| R t^ : // w ^,^qn^stryd€^amente.iwosf.®(Elld/d€ie6p(il5iv6Qa0iOQ9). 
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13. Budget for the coming year: 

' A. Salaries (give: names or state "to be recruited" 
Professional (give % time of investigator(s); 

. even if no salary requested) 


% time 


Amount 


Ronald P, Rubin (Principal Investigator) 


't'Z'ji y - \ 




Technical: 


Includes 19 % for fringe benefits 


PtU V 


$ 11 , 000 / 


Sub-Total for A 


B. Consumable supplies (by major categories) 

Glassware 

Radioactive Chemicals 
Animals 

Other Miscellaneous Laboratory Items 


ill,000. 


500. 

1 , 000 . 

1 , 000 ; 

500. 


; C. Other expenses (Itemize) 

Travel (to attend! scientific meetings): 


Sub-Total! for B $3,000 , 


D. Permanenti equipment (itemize) 


Subtotal 1 for C 


Running Total of A + BP C 


Sub-Total for D _ : 

F $ 2 175. 

E. Indirect costs (15% of APB PC) J 

Source: https://www.industrydocumerits.ucsfrediu/d$^ 
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Other sources ofi financial support: 


r . A.-.-' ; 

■ ,«’ v i • 


'"■ ^' St f ,nanc '°^ su PR orf ^om oil sources, Including owniinstitution, for this and related research projects. ’ 'V' 

. A “ .., . " f~ t I rsrvf-w in v/ i cthip ’ • ' • - • • ' ' • ! ' ' • . ' 

fv- <; -v- ■ V 




CURRENTLY ACTIVE 
Source 


Title oflFVoject 


_V 


-S-tv'-i 


None 


>>/3 


; '' f 
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Sf t ■>••• 
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Title of Project 
The action'of calcium 
on secretion* 


:i\ 


(give grant numbers) 

Amount 


.. . * i_'j' .... 

\ .Iv 


' . .7 r y LI.Vl : • I, ; . . 

' rc'T/' ,- 

j-. V- ‘ 

, r - •,. 

-‘-VA 



i 

• j ' .*• ■ '7•' •; 7, -„.' ,. 


PENDING OR PLANNED 

.V-7 . .*V- ^'i 

.<S ’ V; .V 

, > •' i. ; 

Source 

V..L 1 

(give grant numbers) 

Amount 

USPHS (NIH) --Vvv-.y.' 

$147,850. 


Inclusive 

Dates 


A', V' 

T'Vvi 


r • ly.' y ; 

' . ".VC- * ' Y; 




It 


•'A'iijv'- * 

Any award: from the NIH 




will be used to study the 


mechanism 1 of ACTH action 


on the adrenal cortex. 


Inclusive 

Dates 


1/1/74 - 12/31/78 


V* v*K v 

ityyv / 


It. is understood tHati the investigator and institutional 
officers, in applying! for a> grcnti have read and: accept 
the Council's "Statement of Policy Containing Conditions 
andTlerms Under Which Project 1 Grants Are Madfe/' 


Principal investigator • 

Typed Name Ronald P. Rubin, Ph.D. ' 


Sianamr, M 


n ., A July 15,19 73 


Telephone _ 


212 


27.Q-1356 


Ths payable to 


Moiling address for check: 


Area Cede . Number 

Responsible officer of institution : • 

Typed Name:___1___1 

' -■■'■■■ " -V--V * JL : 7 

Title. V "" '- V ‘ ° 


'•/ 1 




Signature _ 
Telephone. 


>*Vv 


Date . 


*• -*r 




Number 


tilrnuon . \ 


Source: https://wwvyjidustrydocuments.ucsf.edu/docs/rqvmOOOO 
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CTR Grant #869. Dr. Ronald P. Rubin 


Protocol for the ensuing year : . ' 

"1. Action of Nicotine on the Medulla : 

A. Measurement of cyclic AMP levels . Since our initial experiments 

indicate that nicotine augments, the synthesis and release of adrenal cyclic 
AMP (see Summary Progress Report), the next step will be to attempt to cor¬ 
relate cyclic AMP levels with catecholamine release, in order to ascertain 
whether the observed increases in cyclic AMP are directly responsible for 
the nicotine-induced enhanced rate of secretion. . - ' 

Thus, cat adrenal glands will be perfused in situ with Locke f s solution 
plus various concentrations of nicotine or acetylcholine for varying time in¬ 
tervals, the perfusate collected froim a polyethylene cannula in the adreno- 
lumbar vein and assayed for catecholamines by fluorometry (Rubin and Jaanus, 
1966): and; cyclic AMP by radioimmunoassay (Steiner e_t al . t 1969) . The adrenals 
x^ill also be analyzed! for cyclic AMP. It will be of interest to 1 observe 
whether the stimulant effects of nicotine on catecholamine release can be 
quantitatively and temporally correlated with the synthesis and release of 
cyclic AMP. 

An indication: of the cellular localization of medullary cyclic AMP 
could! be obtained^ by differential centrifugation techniques after homogenizing 
the medulla in isotonic sucrose. Although manipulative procedures alter cyclic 
AMP concentrations, It still may be possible to ascertain in which cell frac¬ 
tion (mitochondrial,, microsomal, granular) the cyclic nucleotide Is mainly 
localized, by analysis, of each fraction. Such data may aid in elucidating 
the role of cyclic AMP in the secretory mechanism and its possible relation 
to 1 the action of calcium. 

B. Effect of cyclic nucleotide and phosphodiesterase Inhibitors . If tissue 
concentrations of cyclic AMP directly modulate the rate of nicotine-mediated 
catecholamine release, then perfusion with cyclic nucleotide or inhibitors 
of phosphodiesterase (the enzyme responsible for cyclic AM? degradation), 
such as theophylline, might be expected tO'mimic the effects of nicotine. 
Therefore, additional experiments will be carried out to discern whether* 
cat adrenal glands, perfused with dibutvryl cyclic AMP and/or theophylline 
increase spontaneous catecholamine release or potentiate the secretory re¬ 
sponse to nicotine and to acetylcholine. 

Previous studies have shown that the action of nicotine, acetylcho¬ 
line and other medullary secretogogues is associated, with an Increase in the 
permeability of the chromaffin cell membrane, with a subsequent increase in 
transmembrane calcium flux (Rubin, 1970). The experiments which are planned 
for the ensuing year may provide valuable information on the role of cyclic ^ 

AMP in the molecular events^ associated with the calcium^dependent activation 
of the secretory mechanism. 

2. Action of Nicotine on the Cortex : 

A. Effect of exogenous cyclic nucleotide andi inhibitors of phospho ¬ 
diesterase . Since our previous investigations have demonstrated that nicotine 
potentiates the steroidogenic activity of ACTH in isolated cat cortical cells, 


Source: https://www.industrydocuments.ucsf.edu/docs/rqvmOOOO 
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Dr. Ronald P. Rubin 


it follows that studies are indicated to ascertain whether this, action of 
nicotine, like ACTM, is mediated through cyclic AMP. Therefore, experiments' 
will be carried 1 out to discern whether the-steroidogenic effect of exogenous 
cyclic AMP (or its more lipid soluble dibutyryl analogue) is also potentiated 1 
by nicotine. The general protocol of such experiments involves dispersing, the 
adrenal cortical cells: by exposure to trypsin; the cells are then removed 
from the trypsin - containing medium, suspended in various media for 1-2 hours. 
The cells are centrifuged and' the supernatant assayed for steroid by protein 
binding assay. ;;V, 


If the action of nicotine involves cyclic AMP as an intermediate, then ' 
inhibition of the enzyme responsible for the breakdown of cyclic AMP should 
enhance the effects of nicotine on steroid production. Thus, experiments 
will also be conducted! on isolated cortical cells to study how various in¬ 
hibitors of phosphodiesterase influence the steroidogenic activity of nicotine. 


Since the action of ACTH is associated with an increase in adrenal cyclic 
AMP levels, (Carchman et a^., 1971) nicotine might also be expected to augment 
cyclic AMP, if it acts by a mechanism which is similar to ACTH. Experiments 
are planned to discern whether this is indeed the case. The effect of nico¬ 
tine on cyclic AMP levels and steroid production will be determined in iso¬ 
lated cortical cells with or without AGTH - in an attempt to establish, a re¬ 
lationship - if one does, in fact, exist - between the enhancement of the 
AGTH response by nicotine and cyclic AMP concentrations. 

B. Prostaglandins . Prostaglandins are a family of unsa'turated fatty 
acids which are ubiquitously distributed and have a wide variety of meta¬ 
bolic and endocrine effects, including, putative modulators of the secretory 
process. Many of the effects of prostaglandins are manifest in those 
systems where cyclic AMP is believed' to' mediate- the response of the stimu¬ 
lating hormone, such as the adrenal cortex. Prostoglandins: are present 

in the adrenal cortex and when exogenously administered they can mimic the 
action of ACTH in stimulating steroidogenesis in isolated cat cortical 
cells (Table I). The steroidogenic action of the prostaglandins may be 
related to an increase in the f ormation of cyclic AMP' (Saruta: and : Kaplan, 
1972) or they may produce their effects in the adrenal by causing a translo¬ 
cation of cellular calcium (Ramwell and Shaw, 1970). 

In light of the potenial importance of prostaglandins in the action 
of ACTH, the effects of nicotine on the steroidogenic activity of prosta¬ 
glandin and E^. will be investigated in the isolated cell preparation. Sucl 
studies may help to determine the physiological significance of the role of 
prostaglandins in ACTH action- and may also aid in elucidating whether the 
mechanism of nicotine potentiation of ACTHi-induced steroidogenesis involves 
the prostaglandins. 

C. Studies on the intact gland . Finally, experiments, are planned to- ~ 
investigate the action of nicotine on steroid production and release from 
the isolated perfused cat adrenal gland. Nicotine stimulates: steroidogenesis 
in isolated adrenal cells, but greater significance can be attributed to 
this finding if it can be duplicated in the intact adrenal gland. Glands 
perfused' with Locke's solution, will be exposed to varying concentrations of 
nicotine for different time periods, in the absence and presence of ACTH. 
Steroid release will be measured by a previously published acid-fluorescence 
method (Jaanus et a 1 ., 1970), after collecting the perfusate from a cannula 
placed in the adrenolumbar vein. 


Source: https://www.industrydocuments.ucsf.edu/docs/rqvmOOOO 
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12. Summary Progress Report : 
- CTR Grant #869 


Progress Report # 1 
1/1/73 - 6/31/73 


Name of Investigator: 
Name of Institution: 
Mailing Address: 


Ronald P. Rubin, Ph.B. * v ':- ; 7 ■' 

State University of New York:, Downstate Medical Center 
Department of Pharmacology, State University of New York 
Downs tate Medical Center, 4:50 Clarkson Ave. 

.Brooklyn, New York 11203 . 



Title of Grant: The Action of Nicotine on the Adrenal Gland. 


Nicotine is an agent which enhances both catecholamine (Silvette et al., 1961)' 
and corticosteroid secretion (Kershbaum et a_l. , 1968) from human and animal adrenal 
glands. This agent stimulates the medullary chromaffin cells directly (Rubin and., 

Miele, 1968) and indirectly via the hypothalanus (Silvette et al., 1961), however, 
the question as to whether the steroidogenic effect of nicotine is the result of a 
direct action on adrenal cortical cells or an indirect one via the hypothalamic- y-- V,\ 

pituitary pathway has been a matter of debate. This project has been approached 
from the major perspec tives : (a) To elucidate the mechanism by which nicotine, . \ yPTMv-A. y 

acetylcholine and other medullary secretogogues enhance catecholamine secretion and y/MM-u 
■(b): to discern whether nicotine exerts a direct action on adrenocorticol cells, and 

if so, by what mechanism. - 7 - 


Medulla. Cyclic AMP (Robison et al., 1971) and calcium (Rubin, 1970) are criti¬ 
cal intermediates in the actions of many hormones. Previous work has already es¬ 
tablished that calcium is required for stimulation of medullary catecholamine re- - 
•lease by nicotine (Douglas and Rubin, 1961a) as well as acetylcholine (Douglas and 
Rubin, 1961b). Other studies from our laboratory have shown that the cat adrenal 
^gland contains significant concentrations of cyclic AMP (Carchman et ad., 1971). 

Our initial investigations directly related to this project demonstrated that a 
portion of the cyclic nucleotide was contained! in the medulla; for when the cortex 
and 1 medulla • were separated and cyclic AMP 1 analysis carried, out on both tissues the * 
medulla was found to contain 20.7%, (±5.2) of the total cyclic AMP or 29.6 pmoles/ 
gland (±12.8) (mean of 3 experiments). Cyclic AMP was measured by the radioimmuno¬ 
assay method of Steiner et. ad. , 1969. 

After establishing the presence of cyclic AMP in the cat adrenal medulla, ex¬ 
periments were designed to dietermine whether medullary secretogogues, such as nico¬ 
tine and acetylcholine, could alter adrenal cyclic AMP concentrations, because if 
this cyclic nucleotide is a direct modulator of the secretory rate, then an increase 
in catecholamine release should be associated with an increase in' adrenal cyclic AMP. 


Gat adrenal glands were perfused _in situ by a modification of the method origin¬ 
ally developed in our laboratory (Douglas and Rubin.,, 1961b). The original technique 
was modified so that both glands could be perfused simultaneously; the left gland 
was used 1 as the control and the right gland was exposed to nicotine or acetylcholine. 
Since paired adrenals within the same animal behave almost identically, using the 
left adrenal as the control gland eliminates: the biological variability from cat to 
cat, which may obscure any small changes in cyclic AMP levels after stimulation. A 
similar approach was previously used in our laboratory to determine the effects of 
ACTII in cortical cyclic AMP levels (Carchman et al., 1971). -• . ; • 


Source: https://www.industrydocuiments.ucsf.edu/cj cs/rqvmOOOO 
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. -5 ■' - - 

*' V The addition of nicotine (in the concentration range of 2 x 10 - 10 1 M) to the 

fluid! perfusing the right adrenal for 3-12 minutes produced an average increase in ' 
cyclic AMP levels of 79.37, (±19.5). Similarly, exposure to acetylcholine (6 x 10"^' - 
4 x 10“ 5 M) for 3-10 minutes augmented cyclic AMP levels by 65.5% (±20.9) when the 
stimulated right gland was composed to its control left gland (Table II) . Although 
nicotine and acetylcholine produced consistent increases in adrenal cyclic AMP levels 
when 1 added to the perfusion medium in concentrations which greatly enhance catecho- '■ 
lamine release, there was no obvious correlation between the concentration, of secre- . 
togogue or exposure time and the increase in cyclic AMP levels. (Table II). - . yMyb 5^7^*' 

Since perfusion with theophylline - an inhibitor of phosphodieterase, the enzyme 
which degrades cyclic AMP - did not markedly enhance tissue adrenal cyclic AMP levels 
we felt that perhaps a certain fraction of the cyclic AMP produced during, stimulation 
was released into; the perfusate along with the catecholamine. That this was indeed ; 
the case is shown in Table III. When the adrenal perfusate - collected by means of a 
polyethylene cannula placed into the adrenolumbar vein - was assayed for cyclic AMP, 
an increase in the release of cyclic nucleotide was readily demonstrable during 
exposure to nicotine or acetylcholine. Moreover, higher concentrations of secret¬ 
ogogue elicited 1 higher rates of cyclic AMP' release. (Table HI). Since the entire 
medulla at rest contains only about 30 pmoles cyclic AMP, the amount of cyclic nucleo¬ 
tide released during a 5-10 minute period of high secretory activity can approach or 
even exceed that which is initially present in the medulla. . .'b—: I 

These data thus demonstrate that although' medullary stimulation by nicotine or 
acetylcholine is associated withai increase in adrenal cyclic AMP concentrations, it 
is difficult to attempt to relate tissue levels of cyclic nucleotide with secretory 
rates, since a significant proportion of the nucleotide is released into' the per¬ 
fusate along with the catecholamine. Experiments are now- in progress to discern 
whether the rates of cyclic AMP release are better correlated - both temporally and 
quantitatively - with catecholamine secretion. 


Cortex . The perfused cat adrenal gland perfused in situ is a useful test pre¬ 
paration since it approximates the situation jLn. vivo yet eliminates the many neural 
and humoral influences which interact to modulate hormone release. However, with 
this preparation it is somewhat difficult to accurately evaluate the effects of 
various agents on the response to ACTH. Responses to ACTM last for an hour or more, 
and this preparation responds to increasing ACTH concentrations with a prolongation, 
of enhanced corticosteroid release rather than a increase in the peak response. -T 

Thus, the difficulty in obtaining dose-response relationships in the intact gland 
prompted us to employ another preparation to investigate the effect of nicotine on 
ACTH-induced steroidogenesis. 

A technique for isolating, a single-cell system has recently been developed in our 
laboratory. Cats are anesthetized,, the adrenal glands removed, cut into pieces and 
the cortical cells dispersed by treatment with trypsin by a modification of the 
method of Sayers et al., (1971). The freed cells are then collected, suspended in 
various media, and steroid production measured' by protein binding assay (Murphy, 1970) 
This preparation is very sensitive to ACTH - responding in a dose-related manner to 
as little as 12 pU ACTH (Table I). In addition, exogenously administered cyclic 
nucleotide and prostaglandin (E^). are effective steroidogenic agents in this system 
(Table I). 

1003542135 
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The effect of nicotine on ACTE induced steroid production in these isolated 
. v 1 cortical cells was investigated. Nicotine produced a small, but consistent in- ' 
•,.vy V--crease in steroidgenesis (20-30%), which was not related to its concentration 
; ; (Table IV). Moreover the alkaloid not only augmented the basal rate of steroid-- 
- ^©genesis but also potentiated the steroidogenic response to a submaximal con- 
y. : : centration of ACTH (25 pU/ml) in a dose-related manner (Table IV). Due to time 
\ ' V; limitations, the potentiating effect of nicotine was tested only on one rather 'y- 
k low ACTH concentration; and it is possible that the enhancement by nicotine -;.'vVr’A 

; .-' may be even more striking at ACTH concentrations which produce more marked effects 

on steroidogenesis . In any event, although there is some evidence in the liter- ' 
ature that the rise in plasma corticosteroids produced by nicotine is an indirect 
effect via the hypothalamic-pituitary pathway (Kershbaum e_t al., 1968), the 
experiments which we have conducted up to 1 now indicate that nicotine can exert 
a direct effect on adrenocortical activity which is apparently independent of 




extracortical factors. 






c 

Source: https://www.industrydocuments.ucsf.edu/docs/rqvmOOOO 
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CTR Grant #869 Dr. Ronald P. Rubin 
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.TABLE I 


. ’ 

. . • ’ ; ' 5 1 ? ■ • 


Corticosteroid Production in Isolated; 

Adrenal Cortical Cells 

'•• •■ -V-^ A/*: r- ;v 


Steroid Production 
ng/2 hr/2xl0^ Cells 


ACTH fv-U/inl) .... ■ ' 

. - . ...; -.’v'.'- / 

*♦ •. X : 

0 

26 

■ ■ t*. ..< ' : •• y.' 

12 

39 


'25 T 

60 


125 ’ 

, ; ; 96 . . 


Butvryl cyclic AMP (mM) 



0 

26 


0.1 

69 


0.25 

164 


0.5 

.266 


Prostaglandin E„, (mMi) 


- ; -i ’ 

0 

" 35 

' '■ ’ 4<. ''A, 

0:. 1 

72 

..... ■■ ■ • . ... *: -• 

0.25 

83 


0.5 

100 



Each set of values was; determined froirn cells obtained 1 from paired 
adrenals; of different cats. Cells were exposed' to a given stimulus 
for 2 hours. 
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TABLE II 


Adrenal Cyclic AMP Levels 
after Exposure to Nicotine or Acetylcholine 






’ : ' ' ' ■ ■ ■■ - .. ' 

Cone. 

Exposure 

Time 

Cyclic 
p/moles 

AMP ■ 

/gland 

Percent 

Increase 

M/liter 

(min) 

Control 

Expel. 


Nicotine 





2x10 

12 

250 

460 

85 

6x10 

3 

425 

610' 

43 

-4 

1x10 4 

6 

763 

1600 

110 




Mean 

79.3 

s* 



± S.E. 

±19.5 

Acetylcholine 

6xl0~ 6 

5 

583 ! 

713 

33 

6xl0' 6 ' 

3 

312 

447 

43 

—A 

2x10 

10 

200: 

320 

60 

—4 

2x10 

8 

363 

820 

126 


Mean 65.5 

± S.E. ±20.9 




The increase: in cyclic AM? : V7as determined from the value of the 
stimulated right gland as a percentage of the value of the 
control left gland. 

Each experiment x-/as carried out on a different preparation. 
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TABLE III 


The Effect of Nicotine and' Acetylcholine on' Cyclic AMP Release 
from the Perfused Cat Adrenal Glandi 


Cyclic AMP Release 
pmoles/min 

Experi- 

Conttrol mental 


Catecholamine Release 
yg/min 

. Experi- . 
Control mental 


Acetylcholine 
2 x 10" 4 M 
for 10' min 


1.5 


44.4 


< .050 


22.7 


Nicotine 
6 x 10 _5 M 
for 12 min 


2.8 


6.7 


< .050 


5.8: 


Nicotine 
6 x 10” J M 
for 5 min 


2 . 8 ; 


6.4 


Acetylcholine 
2 x 10~ 5 M 
for 7 min 


1.2 


2.4 


Each experiment was carried out on a different preparation. 

The control values were generally obtained from 1 10-min collection periods. 
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TABLE IV 


The Effect of Nicotine on Corticosteroid Production' 
in Isolated Adrenal Cortical Cells 

Steroid Production - Percent 
ng/2 hr/2xl0 5 cell's Increase 


Control 


15.4 

CM 

-H 

... - 

Nicotine (6 x 10 M) 


19.7 

± 4.6 

28 

Nicotine (6 x 10 ^M) 


18.7 

± 2.0 

21 

-4 

Nicotine (6 x 10 M) 


19.9 

± 3.1 

29 

ACTH (25 pU/ral) 


21.9 

± 2.7 

' 42 

ir’ 

ACTH -f- Nicotine (6 x 

o 

i 

CTn 

21.7 

± 3.5 

41 

ACTH -f Nicotine (6 x 

ho" 5 m) 

25.7 

± 2.5 

67 

ACTH -f Nicotine (6> x 

10 _4 m) 

27.7 

± 3.9 

80 


Each' mean value (± standard error) was obtained from paired adrenals 
of 5 different cats. 

Each individual sample was assayed in duplicate or triplicate. 


Source: https://www.industrydocuments.ucsf.edu/docs/rqvmOOOO 


1003542141 



